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Symbols Subscripts
gained worldwide acceptance as an efficient way to utilise low-grade heat [1] and the
8
ORC market has seen a near exponential growth in the last decade [2] . Due to the 9 large heat transfer area per volume, the plate heat exchanger (PHE) has some great 10 features including compactness, effectiveness, design flexibility and low cost. Plate 11 heat exchangers are the most common type of heat exchangers used in small-scale
12
ORC plants, while shell and tube heat exchangers are commonly used in large-scale
13
ORC systems [2] . Plate heat exchangers can be brazed, gasketed or of shell and plate for more efficient and economically feasible ORC units.
23
The accurate evaluation of heat transfer mechanisms during the flow boiling in PHEs
24
is imperative for prediction of the heat transfer coefficient, and thus for the designing The experimental system designed for this work is shown schematically in Figure 1 controlled by regulating an expansion valve installed at the outlet of the evaporator.
10
After the expansion, the heated two-phase working fluid flow through three PHEs, the 11 desuperheater, condenser and subcooler in sequence, which are used to desuperheat, 12 condense and subcool the working fluid, and finally it enters the receiver tank for stainless plate (which were measured) are listed in Table 2 . plates Dh is defined as
7 where the dimensionless parameter φ is the area enlargement factor caused by 8 sinusoidal surface waviness and calculated by
10 where γ is a dimensionless corrugation parameter, defined as
The flow boiling heat transfer coefficient of the working fluid side htf is determined
kwall are the thickness and thermal conductivity of the plate, respectively. The overall 1 heat transfer coefficient U of the PHE is computed using the log mean temperature 2 difference (LMTD) method:
4 where the LMTD is calculated as single-phase convective heat transfer was performed using an identical oil/water PHE.
13
The resulting correlation for oil side Nusselt number Nuoil is The refrigerant quality at the inlet of the evaporator xin may be calculated by [15]
21
where hfg is enthalpy of evaporation, ̇p re is the heat transfer rate of evaporator, cp,f 22 and ṁ are specific heat and mass flow rate of working fluid respectively, and Twf,pre,in is the pre-heater inlet temperature in the working fluid side.
The vapour quality difference between the inlet and outlet of the evaporator Δx is 3 given by
5 where q is heat flux in the evaporator. The measured pressure difference of the two-phase flow between the inlet and outlet 8 of the evaporator includes the static (gravitational) ΔPg, acceleration ΔPacc, the total 9 frictional pressure drops across PHE ΔPfri, and the pressure drops across the inlet and 10 outlet ports ΔPp. Therefore, the total frictional pressure drops across the PHE is given
14
The port pressure drop ΔPp is obtained by
16 where the Gp is working fluid mass flow rate based on the flow area of plate port. The 17 average two-phase density between the inlet and outlet of the PHE ρm is calculated at 18 the average vapour quality between the inlet and outlet xm
21
where ρl and ρv are the densities of liquid-phase and vapour-phase, respectively.
23
The gravitational and acceleration pressure losses may be evaluated theoretically by 24 the homogeneous model, which gives
where Gwf is working fluid mass flow rate based on the flow area between two plates.
5
After obtaining the value of ΔPfri, the two-phase Fanning friction factor ftp can be 
Uncertainties analysis 10
In this study, the temperature measurement uncertainty was ± 0.19 K. The errors 11 associated with the mass flow rate and volume flow rate were ± 0.015 % and ± 0.5 %, factor ftp, the inlet and outlet qualities xin and xout, the heat flux q and the heat transfer 17 coefficient htp are generally denoted as z and described as follows:
20 where δy1, δy2, …… δyn, are the directly measured value uncertainties. The ranges of 21 the uncertainties of the main parameters are reported in Table 3 . 
22
where cp,oil is the specific heat of working fluid and Twf,in and Twf,out are inlet and outlet Therefore, in the two-phase heat transfer for which the heat transfer rate is higher than 18 that in single-phase flow, the heat loss rate is expected to be less than 5 %, suggesting 19 that the measurements taken in the study are accurate. be obtained for all substances in the nucleate boiling regime. As mentioned above, it can be found that in Figure 4 , the heat transfer coefficients The above experimental analysis suggests that the nucleate boiling regime is dominant 9 even though vapour qualities were relatively high in this study. transfer, the changes of (dP/dT)sat, σ and htf for three working fluids under different 21 saturation temperatures is presented in Table 4 . The thermo-physical properties
(dP/dT)sat and σ are selected because these are two important parameters that affect 23 nucleate dominant heat transfer processes. As shown in From Figure 4 , it can be further found that at the same saturation temperature, 
18
Comparing the experimental results in Figure 7 , the heat transfer coefficients of 
14
A "critical" vapour quality xcri is introduced to calculate the percentages of the 15 nucleate boiling and dryout in the whole heat transfer process. For each working 16 condition, the corresponding "critical" vapour quality xcri is defined as
18
where the dryout inception quality xdi is developed based on the regressed model by The mean absolute error (MAE), which is used to estimate the error of correlations 6 with respect to the experimental data, is defined as
8
where n is the total number of data points. Figure 11 shows the comparison between 
Acknowledgement
16
The research leading to the research presented in this paper has received funding from 
